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[0 0 0 1] 

[W^SfiS] 
[0 0 0 2) 

MSAl x Ga Y In z N (O^X, Y, Z^l\ X+Y+Z=l) Ti^fES 

(gfl&lfc: LED) IZ&^T, pMTk&nM&'jy K (clad) a^^fS 
fcfclcfU/BStlWS (±IBO^HFXmi#M) . ««^-f*-|«^ttl/-1f^-f 

(5SH&S: LD) ^^TO^t>fc6»-r^fetC, ^ 

Silipng^l2iArDi^ (double hetero: PfrfrDH) «JSt-T* 

(±iH©#^fi3tj& i#u) . DH^jg^^gpta, mxm^ * 

[0 0 0 3] 

>W& («SGa Y In 2 N: O^Y, Z^l, Y + Z=l) 4»g<fcU Mfc#U 
(i^GaNLpPg: O^Q^l) ^(ZMII- VM^i¥iM^!i^-^liI^ 

2nT\,*z 0 mytm&&m?%tcib<Di>M!r ; 7y \*mtm&. -*ka i xg a yn (o 
^x, y^i, x+y=d tezmfoznTtez wx-&. wnxwumm) . 

P§SM^bT^ig^^fii©p^III^^^#MS#Sfctt, (a) mm<DMf& 

miz-??*zso& (Tc^iB^rMg) mnmimtmomm (H-tr>^) w& m*. 

[0 0 04] 

-n-v* v>itmm «b^3$: bp) ^»«f*afc«fc:aanufevj, mm, t>h 

~y (un dope) ^*>te}g#itf>p^ig«Jiat#$ttT^& (0>J;Lfc£, ##fW:iSK2* 

[SM*«FXttl] M MS. rm-V^ffc;^»^j ,1 9 9 4*£5£ 2 0 
0, Of*) JgAffiXfr, 13$. 

[*4#flF»2] f-f- ^y^y (T. Udagawa) to, SB5HSft*¥* 
W#ir^-*;^^iXh (Technical Digest of 5th. Int. Conf. Nitride 
Semi conductors) , 431H 

HWRtiKl] ^27 1 3094^ 

[»WXltt2] B*®W I27 7840 5§ 

[4*W*IK33 0*#ff i254079 1§ 

tt*tfcfctt4] *I^US6, 0 6 9. 0 2 1f 
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[0 0 0 5] 

[0 0 06] 

[lli§£&ftf-SfciD©¥J§a 
[0 0 0 7] 

• (Drngkmrnt. ^mwi<DmM±izmm^n^nm<Dui-vmit^m^mm^^^. 
m*e>mz>%ytm£. %ftm<D3iw±izBi$,i£titci>M<Dv>4mm ut^- bp) 

±EnMOIII^V^b^^^e>^^jli,±|2p^(0»J>OTm^e,^5± 
y^^y Hat©+Mlc,na®^«*IIl-v«<b^^5^4iHa3WM:W-6*iTVi 

[0 0 0 8] 

Jf> Tf*^^* ? Al x Ga y In z N (0 ^X. Y, Z^l, X + Y+Z+l) 

(3) piatGa y In,N x . 0 M Q (M»ft*ittKIOVai7C»?»L, 0^Q<1 
T£5) T?£5±fe (1) (2) (c8B4K0)pn«^fa^7-D«ij5'fk^«4£«flc^§ 

(4) nI4.»iJ>«I WkfaBP) T2>S±|3 (1) ~ (3) OViTtl^r 

(5) nit^i^, ftftje<z>«&R&ft-r, m:£&£ coood ttsni©^ 

2£?^," f> ^^ «Ga x i ni . x N: O^X^l) a©M±fc«W)fc, ft 

(i 1 1) i-rsn^o^iag^iii-v^b^^e^^nTv^^t^mt 

r-5±i3 (l) ~ (4) (o^-rn^zmmcDpnm^m^ammt^^m^ytm 

[0 0 0 9] 

(6) natWMd^ nl® (0 0 0 1) -g<fc#U-7A • <f>3>*A (MSGa x 
In^NiO^l) §©ail:, < 1 1 0>^IrI$TO -5, T>K-y (u 
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ndope) tnl© (1 l l) -^mmui-vmttG®fre>Mf&isnT^Z>Z\ 

&t?&±m (i) ~ (5) o^nfrizmffiovnm&M^ummfc&mttmwm 

(7) nm+mifi* *irUT««*, *©±teRft.5±»*9!y r«**jfcr*pSl 
©U U7««TfcU If$2nm£(±T60nmTOt 

-5, 7>H-7"TnSO (1 1 l) -&mmn-vmt&mfrZm&iStlT\ f >&. C<fc 
*»«t-T«±ffi (1) - (6) 0frvftt&&m®pnflm^D|ffiftfc6fe¥* 

[0010] 

ui-vmit&m¥mm**>ts:z>mytm£, vmwvxmm (bp) ftbmziMz? 

5 U >*©Jt* (P/Btt*) *WIB©+M»*ia«««R©III^3lHlti»-r-5V 
•Jfcn;f&iIIi©Jt¥ (Vj^*/iiijterc*Jt*) «fct><M£< bT«ttrtfiS*Sj:t*«« 
£T 5 p n UteflHsy P^ji^^¥##|g3te^?0^^j*. 
• [0011] 

~i5ot*s±ib (8) o) izmmvvnm&M^ummit&m^m&m 

(1 l)*KM^ffi$1i-5l^CDII^OIlI^^M»c:^-r§V^7C^i!S©lt^ti 5 o 
. ~2 0 0 0T&5±|B (8) ~ (1 0) ©Vvmjfofcffi«©pn»^a'\xO»»f&& 

[0 0 12] 

(12) ±M£ (0 0-0 1) -M<!:-r§nS©^b^U^A->f>^A «Ga 
X I n,_ x N : O^X^l) a>Sj£Sf83fcJI£j&g£it:fc&, 58ttJI±fc7 0 OTCfiUiT? 
9 5 0 , COT©MST>fi.-pIII^7C^i!Sfc:*f-r§VSOT^iIi©it^l 5 0£(±T2 0 
0 0«T£LT, n!0 (1 1 l) -^»*III-V«m:^IWi^6^ifiMjH§»j«-r 

zzt&ftmt-r §±i2 (8) ~ (i i) ©frvm*£ra©Dn&&9^7 k D*N&ft 

(13) ±®£ (0 0 0 1) -mtT^nmomtiSVOA'^>VOA (^Ga 
X I n,_ x N: 0^X^.1) jfe&jfc$f83feJiS/fcfi3*fc«, SBfeJiJifc, /&gj£m&# 
^3nra^±TS^3 OOnmOTtbT, (0 0 0 1) -Ga x I n, X N (0^X^ 

1) m<DamiZ<l 1 0>^f««Wtn, 7>H-^t?n9© (l l l) -sues 
iii-v«ft:d«ii*6fili*4'IWJB*»riW«2:i:*«p«i-r*±» (8) ~ (l 2) © 
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of&mum&Tt vxs ±g&* 7 v m&m&Tz p m<o g >Mnijf ©** g 7»g 

£(Ttt5ni©(l 1 1) -^W*III-V«Hfc'&4&Ji^6flj6**WjB*»l«r*t4: 
^^mt-rSilB (8) ~ (13) O^f ^CEiOp n^lAfDiifb^^ 

[HE©^] 
[0 0 13] 

«ttfctt»n?£, S83fc®a©j£<^fcH#©p ng^AfniM^fi^LEDS 

[*w sum- s fcae> ©s&©j£8i] 

[0 0 14] 

*2§ ttfc nio 1 1 1 - VM^r 

-v»Hb^«f*»#^6fea»3i6jii, «3tt»©*is±K:»/«$nft:paog ><fcmt 
■ ^mMxm^^n^mmm^Ltvxiti^yr^y (a-Ai 2 o 3 ) , t^h© (oo 

oi) -mmm. a^h© (oood -mitsm (zno) ft^jwnf**. 

nS©III-V^-&^S^^^^T^7y HJittHWA 1 X G a y I n 2 N 
(0^X, Y, Z^l, X+Y + Z + l) "CtSnSfeO^ mfiGan&f^§. 

nS©III-V»^^«^««c*>6&*»^JBtt-JR«Ga y I n.N,.^ (Mtt ' 
^f?i£fctt3iJ©V#OTfii£:gU 0^Q<1T*§) T^$ft<5fc©T?* fl|;U£Ga y I 
n,N (0^Y. Z^l, Y + Z=l) ^GaN rQ P Q (0^Q<1) UaT'&Zo 

ft (MOCVD) 
[0015] - 

*»«©?i>raji r& #fc n i 1 - vm<k&®¥mftm tpmv ><mmm t © 

+Mfc, n3!!^mill-V&<b£f&¥S#Ji©±®£, pIU >OTm«©T®©^ 

ftrnzmmr-g, Sl-o v>m g >m^s t ©^^^n-s^f^^^-rs^^t^ 
uc, n^©^ji^iii-v^b'&^¥#^:TOt© r^nj & mm 
(200 2^1 1^200, <m mmm%n, mim. 3 1~ 
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[0016] 

P:0<a£lK UMttW-tfUtfA G&atfwSB.Ga^P : 0<a^l) , ij"> 
imm-(>W& (m^B a I : 0< a ^i) ^j^7?#So ft* (tc 

mia^t : a s ) zffij&Ttmtir&mkwm • t;i^^-«7a g&eIoSb 0 a i 1 a s • o 

<a^l) , ttfHm-#U9A «B.Ga,..As : 0<a=£l) , fltftfil* • 
-f>3*>A (M^B.In^As : 0<oj^1) ^^©^Sfl^lll 
-V«H&&4&¥»#©+T, U>fls»* (BP) fcju pHU><fbaM£:<D«HPfi^« 

£*T^l»I 1 1 - vmt&mt VT3i\Z U IWMfff £0tHc: £ 0 -5, 
[0017] 

+ra*fc*JS^*fc»©U>fcffl*JBWU Aoy> (halogen) J£, /W b*^ 
-f H (hydride) S^MOCVD (#«&MftI#6<>IICffi«Mi) ttfcttDJ&fcT?* 

itfc ^m^\i^^^)vmz^mm^^ (j.soiid state c 

hem., 1 3 3 (1 9 9 7), 26 9-2 7 2H#I&) . 4»nS&l«fi$*«ia*«, 
^3te^^^J^«nMni^ibW^#ScD^^tt*^TSfeJe),it^iC-l£ 
^i-rsoj&tM^bVi. mz, «t>^IJ:l;pi0ij >«i$»sfcfe©M 

(island) traift<, ^M-r^bT#§fcJ6 7 0 0"CK 
±£-f5©aWSlT&-5. ^fiMOCVDSfcfeU, 8 0 0*CTg-ffc;tfy >7A • -f > 
$*7A (Ga x In,. x N: O^X^l) fcjfcfiS-frfcfc, (s|D< 8 0 0t:TU XfcJM 

*^ fifes * p^g &Mjfc? % o m?tm tt&nmii mmt^mwm & &&g $ ntc® 1 

[0 0 18] 

-vmit^m^mwm. mzv xmmmit, mfffimzmnx^ztc®. *mm&mf& 
■?2><Dizti?m\zmm-T:%2>o nmR.zfivmmntiz* o>itmmom^wj>itmmm 
<Dmam&m\z&m?z>mm (b) wr&v> (p) wx-$>z>o v/u\\mt\t. m& 
i&&Rfomz&m?%fflmm*<Dmmiztt'r2> u >m*<o u >©7uf$§jt3ST<&<5. £© 

• V/IIIit^l 5 0^±tL2 0 0 0^Ttim, ni© (0 0 0 1) -SgftJ^fU 
*A-<>^*A (Ga x l ni _ x N: O^X^l) S±lC«, gMtefc^ftS U 

W^JEt*&», y>fl«*0»W»£ftJ&LT#*fcMSfcV>. V/III 
JtW2 0 0 0$^fc^Jt^t"rSt, U> (P) #ll#LfcWffiW$g£U *K 

[0019] 

±fB©$P3&fcV/IIIJt5$s (||ll©V/IIIJ»£-f<&) ©ISHT^ffi^S$-&fcU> 

ftn&ftHsiiftjrc&eK mmmiztt-r&v^vmifcm&mm-e&zfzib. n 
noe^ii&s. ^p^stUTji-r-snsiuMOT^o^^uyjam^ ^©i© 

«8£©ifc®fc£i^£3fc£fcVMiSK:> igJgj5TTCfci:fc:<, ^<ifc+t'J7i^lxi 
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fifc*«*agfls***i«, **v7f&m&mmT*%2>o ±mov>immm*m,mm& 
v7®m*m&e>tiz>o sfc, v/injt**s<-r*s, m**v7mm<DV>itmm 

CO 0 2 0] 

Mte, U >fca*ji®jft&tt&&&£>3 nm£UW3 0 0 nmeiTOffSifettBB 
fcHSTTSfc, (0 00 1) -«fl5jJ»J^-f>5?i>A (Ga,I n,. x N: OSiXi 

i) ic*ot, •€■© attic, <i lo^swm, tt&mmmm&&mi? 

nMO (1 1 1) -U>4HM«»j&-?**. CUWyflftASOGaxI n,. x N (0^ 
X^DOaitt, 0. 3 19nm£U:T0. 3 5 3 nmOTC9®BBfc:2&<5 (#* & 
^, r^fW^J , 1 9 9 5^3^300, (80 MflBNr , «MK, 2 8 
K#JSD . — U (BP) O {110} te^ECDKRgtt, 0. 3 2 OnmT 
HtDfefe, (0001) -Ga x I n x _ x N (O^X^l) ©attic, <1 1 0> 
#fS)£¥fT£UTgaftL£ (111) - U >{tl»Jifei:. attt {110} ft^MtO 
mm<DM— mz,' (OOOl) -GaxIn^xN (O^X^l) mtomm& 

iz&nz>h<Diit3LZ. m.^x. z\<DUi&®mmz&n%v>immmfrz*Mm*&m 

'lZffi&.l?%Z> 0 m&\Z. m#GL& (0 0 0 1) ®tf5Ga x I n x _ x N (O^X^l) 
Mit. (0 0 0 1) htWyr^T (a-A 1 2 o 3 ) , isfi&O (0 

ooi) -mam (s i o ms\z (oood -imi (zno) mo. a^h 

O (0 0 0 1) Mil£*4££-r*lfcfr£&^5o 
[0 0 2 1] 

nmo^mm±\z\ti>mov ><mmm&mf&. nmv xmmmit. te^m&o 
mmz&znMv>4mmmfr$j&&$mm&TMm£LTfc&2i*:z>rct?>. v/m 

&2i£Z>fci>b\z, V/IUVC& (f$20V /Ulitm it. n£U>M«Ji£ftfgj$£ 
3tf**£©*l©V/IIlJfcs(s&T£-r*. »^U<«V/IIIJt^tt5~l 5 0T?$ 

>fc«*H£. nm*mm&ft&zi£Tmirzmmmmz&vT. nm^mmommw 
j&m\zm^t. nm^mmotn^om^to^izm^. jEn&gbmmz&xmiz&A 

iz. mm\zm^mmnt. nm\\mmm*Mfcmo±m*wm'z>\z7f%ft*?$>2> 0 
z-oiz&TiW\ummcM*mftm±\z, ^vxmitm-c. &m&o$>z>v>imm 
m&&fei'TWf$,'v%m\ fc-ox. nM#mmomm\$2nm& s jiii-f%>oi!)m'rz>o 

[0 0 22] 

ni©'J xtmmmmftbffimznrcpmmits nMinttm<k®¥Mftmizi>Mov 
xtmmm&mn zizmi,. nmummm¥mfcmo±m&ftft\z&&LT. 

[0 0 2 3] 
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^©LEDl 0 0<Z)^Bp^@^To @2i:« t il^WA-A' KftofcL 
ED 1 0 0©WB5«jS*«i«jk:^-r. 
[0 0 2 4] 

(0 0 0 1) -U-75"f 7 (A 1 2 0 3 ^) SfEl 0 l±tc, S i K-yniGaN 
Jl (**'JXii&=7x l 0 18 cm~ 3 , Mm- 3. lum) H^^T^^yVmi 
OJ. nWj^.Om (Ga 0 . 92 In 0 . 08 N) ® (^t'J7ift-8 
X10 17 cm- 3 , ^/P=0.. 0 8#m) )&>SfcSfg5fcJl 1 0 3 mm^tc 0 - 
W>&)UXm®$Tmiz&iO , Ga 0 . 92 1 n 0 . 08 Njl©±®©®#&fci: (OOOl) t& 
*t»»6n&. ±IH©GaN»RUCGa 0 . 92 In 0 08 N/1«, hU*^#U£A 
^JSS^J-f } (NH 3 ) /** (H 2 ) (KAftBE) MO 

CVDS^l^^c. Hi^tGaNIttl 1 0 OtW$tfc. 

ftJil 0 3WGa 0 . 92 I Ho. 08 N®«8 5 0*CTJ&& 
[00 2 5] 

(0 0 0 1) -Ga 0 . 92 1 n 0 . 08 N*i^«Ii o 3$^g$tfct, »3fe 
.1103© (0 0 0 1) H±fc, 8 5 0TCTnlO'j>«$ (BP) JK*Mio 
4tbT^b^. *F^1 0 4^-TBPjltt, l*yxy/WRfc<*HP5fc: (C 2 H R ) 
3 B) SBffl^ (B) BiU (SH^S: PH 3 ) £U >iH£-r£ (C 2 H S ) 3 

B/PH 3 /7Km (H 2 ) Sl&mam (BkfcfCJE) MOCVDffiTMStfc. 4>F^ 1 
0 4 fcft-T U >«^««, ifl^fc^'T'S U >iH©^Jt^ (V/IIIJt^= PH,/ 
(C 2 H 5 ) 3 B#2&}IgJfc^) $4 3 0£UTj&g£iirfco Z<D^tb, 7>\*-7<DV 

0 4^-TnMUMbll^g^MiPtt, 0. 0 2Mm£l,fco 
[0 0 2 6] 

±|H© (C 2 H 6 ) 3 B/PH 3 /H 2 S^^JEMOCVD^^iJfflLT> *Hfl 
»104±tc, T>K-y©U>M^Ji$±»^yK^105 < i:LT«iaUfc. p 

mvxmmmui o 2 5 fmmmz&zmvv/m&mtz 

OfclftfcLfc. J2©y>rtflK*«WU f PF^®10 4^-rU>'fbJli^C5^ e J;?)t), 

MT5.^ViV/ii!Jt^-e^g$-&fcfcfe, p^h? » y 1 x 1 0 1 9 c 

m- 3 «i:TSj£^CD#««^ofe. ±SB* 7 v KJ1 1 0 5 OJIJPfct. 1. l^mib 

[0 0 2 7] 

<HH*«fc/t*-x>if (patterning) fci&Lfc. #lc, mmXX (C 1 2 ) 
&ffl^-^65^y7X-7Xy^>^#©jc:^o, pIBP±^7yHH0 5, n 
fflBP^WSl 0 4, S^nIGa 0 . 92 In, 0 aN83te«l 0 3©-^©«fc&Bl 

h«i 0 2®tii:ft ^om^mm^mzm. • 7;i/5-£A-&& 

Si 0 6 aRUT)U^~OAmi 0 6b*I^Wl:t«$tT, 

0 6$^Uc, — 2r, PS!BP^e>^S±gBi7 7y KJf 1 0 5 CD^®cr>^gB{C«, 

iiTtf-AI&»m?X»/$-;U (Ni), (Au) £J®#, Sf^tplt-$y 
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[0028] 

nlWpIt-$7^«il 0 6, 1 0 7Kfc, 2 OmA0]Iia^|Rl®^<£:®^Lfc 
££3, LED 1 0 036»61»^»[fi*4 3 0 nmtTZn&mmMZnrc. M 

<Dm±m\,Z&&[-T?g* ftoT,. 3^:7 (chip) «i«WM8 5iJ7s/|> (m 
W) £T5itm;&©1ffeLEDa^fcS£ftfc. 

[0 0 2 9] 

^M^©j£^m^©fb^#^L ED £ bT*iJ/H£ftSo 
[OTO^m^^K] 
[0 0 3 0] 

[01] ^»JtCfHm©LED 1 0 OTO^STabS. 
*[02] 0 1 lCiE$£<Z)L ED 1 0 00, SEi&A-A 'fc»ofcira^*j*T«5*BrC 

•[fiF^©ifc§8] 
[003 1] 
100 LED 
10 1 

102 TO5yHI 

• 103 %jtm 

10 4 

• 105 ±^5yHI 

106 ni^-5y^ti 

107 p^~^«;^«^ 
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